Objective: To examine the effectiveness of splinting for reducing pain and improving function 27 and health-related quality of life (HR-QoL) in people with thumb carpometacarpal osteoarthritis 28 (CMC OA). 29 Design: The Cochrane Library, MEDLINE, Embase, CINAHL, ISI Web of Science, Scopus and 30 Google Scholar, 3 trial registries and 4 conference proceedings were systematically searched for 31 randomised and non-randomised controlled trials up to March 17 th , 2018. Two reviewers 32
HR-QoL. Where multiple measures were reported for the same outcome, decisions about 120 which outcome measure data to extract where made according to a pre-specified hierarchy 121 (see PROSPERO protocol 2016:CRD42016032612) . Follow up time points were categorised 122 as short-term (<3 months), medium-term (3-12 months), and long-term (>12 months), from 123 time of group allocation. 124 Feasibility studies and studies where a splint was applied after surgery for thumb OA were 125 excluded. 126 Study selection 127 All citations from database searching were exported to bibliographic software (EndNote X7, 128 Thomson Reuters) and duplicates removed. Two researchers (MB and BS) independently for each outcome; subjective patient-reported outcomes (PROs) completed by unblinded 145 participants were deemed at high risk of detection bias. Judgements were compared for 146 discrepancy and any disagreement resolved by discussion with a third reviewer (CC). 147 Data synthesis and analysis 148 Data analysis and interpretation were performed by the first reviewer (MB) and cross-149 checked by a second reviewer (BS). Presentation of descriptive and inferential statistical 150 information was made for each study. Study design, population characteristics, intervention 151 parameters, outcome measures, and main findings were summarised. Narrative synthesis of 152 all included studies was undertaken in the first instance. 153 Studies were to be included for quantitative synthesis where these met the minimum 154 threshold for risk of methodologic bias. However, due to the small number of studies 155 identified, the published protocol was amended to include all studies in meta-analysis in the 156 first instance, followed by sensitivity analysis based on risk of bias threshold. Owing to the 157 inherent difficulty of blinding participants and providers in rehabilitation research and the 158 frequent use of subjective PROs, risk of bias threshold was amended such that only those 159 studies judged to be at high or unclear risk of selection bias (pertaining to randomisation 160 and/or allocation concealment) were excluded. Risk of selection bias has been shown to 161 have the biggest impact on direction and magnitude of bias in studies of intervention Clinical heterogeneity was assessed in the narrative synthesis, such that major differences 164 between trials in the terms of study populations, interventions, and outcome measures 165 were identified. Statistical heterogeneity was evaluated using the chi 2 test (with statistical 166 significance set at P < 0.10), and the I 2 statistic computed and interpreted such that ≥50% 167 represented substantial heterogeneity 30 . 168 Quantitative synthesis was undertaken in Review Manager (RevMan) software (version 5.3, 169 Cochrane Collaboration) using the inverse variance method. Standardised mean differences 170 (SMD) and 95% confidence intervals (CI) were calculated to synthesise continuous 171 outcomes. The random-effects model was used as heterogeneity was anticipated to be 172 present. To aid interpretation 95% prediction intervals (PI) were calculated for analyses 173 including three or more studies that met the minimum threshold for risk of methodologic provided additional information about study characteristics or result data 14, 15, 34-40 . 188 Study characteristics 189 Characteristics of the included studies are reported in Table 1 . Study settings were 190 outpatient therapy clinics. Participant ethnicity was reported in one study, in which 32.5% 191 were reported as "non-white" [sic] 15 . In three studies a majority of participants were in 192 employment 14, 38, 41 and in two studies a smaller proportion were in work 36, 42 . The remaining 193 studies did not report work status. 194 Interventions comprised a range of splint designs and materials (Table 1) . Rationales 195 proposed for splint interventions included: to stabilise the CMC joint 34, 37-43 ; to prevent 196 adjacent metacarpophalangeal (MCP) joint hyperextension 14, 15, 34, 39 ; to leave adjacent joints 197 free for unhindered function 34, 39, 40, 42, 43 ; to maintain length of the first web space 14, 15 ; to 198 reduce CMC joint synovitis/inflammation 36, 39, 41 ; to reduce local muscle spasm 41 ; for patient 199 preference 36 . One study reported telephone follow-up at 1-week 41 . Remaining studies 200 reported follow-up, "only if need adjusting" or not specified. 201 Pain was assessed using a variety of numerical scales (Table 1) . Function used various 202 patient-rated outcomes (PROs) except for two studies from which a performance measure 203 (pinch grip strength) was extracted 37, 38 (Table 1) ; four studies received institutional or national health organisation grants 14, 15, 36, 38 ; two 210 studies received complimentary splint materials from the manufacturer 34, 41 (one stated 211 specifically no influence on the study design, conduct or outcome 41 ); and in three studies 212 funding sources were not stated 37, 42 or unclear 35 . 213 Risk of bias and quality assessment 214 One of four studies comparing splint with no splint 43 and five of eight studies comparing 215 different types of splints 34, 37-40 were judged to be at high or unclear risk of selection bias. All 216 outcomes reported in this review were judged to be at high risk of detection bias primarily 217 due to PROs being completed by unblinded participants. Risk of selective outcome reporting 218 was judged unclear or high for seven studies as study protocols were neither registered a 219 priori nor published 34, 37, 38, 40, 43 , stated outcomes or time points were not reported 14, 36 , or 220 splint materials were provided by industry with unclear risk of influence 34 . 221 Risk of 'other' bias was judged unclear or high in 10 studies relating to four main areas: 222 short or no washout period in cross-over design trials 37, 38, 41, 42 ; potential for contamination 223 between groups where participants in the control group were fitted with the intervention 224 splint during assessment 15 ; inconsistency in unit of allocation vs analysis (individual vs 225 hand) 36 ; and poor quality of data reporting and/or outcome ambiguity 34, 37, 39, 40 . The 226 authors' judgements in the current review are summarised for all included studies in the risk 227 of bias graph ( Figure 2) . 228 Further assessment of study quality identified that six studies did not state an intention-to-229 treat analysis or did not state or did not meet sample size calculations 34, 37, 38, 40, 41, 43 . In 230 seven of the twelve included studies it was unclear if co-interventions were avoided or 231 similar 34-38, 41, 43 . Acceptable adherence to the intervention(s) was reported in four studies 14, 38, 39, 41, 43 and variable adherence reported in two studies 36, 42 . Adherence was not reported 233 in the remaining studies. Participant drop-out was ≤15% in all but two studies 34, 35 . 234 Narrative synthesis 235 Results of the individual studies are summarised in Table 2 . In all studies splints were 236 associated with a reduction in pain scores over the course of the study (Table 2 ). In some 237 studies, function worsened in the short-term 14, 37, 38, 43 or remained unchanged 41 (Table 2) . 238 Heterogeneity was present between studies in control over potential sources of bias and in 239 some study characteristics. Major differences were the wide range of outcome measures 240 used and the variations in intervention implementation. Other differences included time to 241 follow up and symptom severity (Table 1) . 242 No major adverse events were reported; one minor adverse event of skin irritation resulted 243 in discontinuation of splint treatment 41 . The overall pooled effect estimate, from two studies totalling 135 participants, also 256 suggested that splinting resulted in a statistically significant improvement in function at 257 medium-term (3-12 months), (SMD 0.42 [95% CI 0.77, 0.08], P = 0.02), representing a small 258 to moderate effect size ( Figure 3 ). GRADE: Low (serious risk of bias, serious imprecision). 259 Outcomes at medium-term did not alter with sensitivity analysis (Figure 4) . 260 
Effectiveness of different splint types on pain and function 261
The effect estimate based on one study totalling 84 participants suggested that splints not and a small to moderate improvement in function in the medium-(3-12 months) but not 276 short-term (<3 months) (low quality of evidence). Meta-analysis of studies without selection 277 bias found no difference between rigid and soft splints or between splints including or not 278 including the MCP joint (very low quality of evidence). The effect of splints on quality of life 279 in people with thumb CMC OA is unknown. We found no evidence that splints cause 280 significant harm. Our findings of a moderate to large effect for pain and a small to moderate 281 effect for function in the medium-term (3-12 months) are comparable to those of a previous 282 systematic review with meta-analysis by Kjeken et al. 26 . The current review differs from a 283 further previous systematic review (with meta-analysis) which concluded no significant 284 effect of splinting on pain levels at ≥3 months 27 . These conflicting conclusions may be partly 285 explained by the previous review's inclusion of one study with multiple co-interventions 286 which did not meet inclusion criteria for the current review. 287 In contrast the current study found no effect of splinting for pain in the short-term (<3 288 months), concurring with findings in the same review. 27 publication bias while likely to be present to some extent, is not strongly suspected as most 308 of the included studies are not industry sponsored or likely to be industry sponsored 46 . The 309 use of funnel plots was not warranted given the small number of included studies 47 . 310 These methodological issues are also apparent in the statistical heterogeneity in the current 311 review that is present for the comparison of splint versus no splint for pain, (Figure 3 , Figure   312 4), and substantial for comparisons between splint types ( Figure 5 ) at the short-term. 313 Although heterogeneity relating to risk of bias will tend to have overestimated the effect 314 sizes, the impact of heterogeneity in other study parameters (outcome measures, 315 intervention implementation and population characteristics), is underestimation. 316 Prediction intervals calculated for the comparison of splint vs no splint outcomes at short-317 term indicate that it is probable that 95% of exchangeable studies in the future can be 318 expected to produce effects within these intervals 3.94 48 . Symptom type and severity may be potential subgroupings for future primary 323 studies and/or meta-analysis. 324 The study design best suited to provide further evidence for the effectiveness of splints is 325 one which includes a control group and is randomised but not with a cross-over design. Only 326 three of the studies in this review included a control group 14, 15, 36 effect remains a concern. The inclusion of data from both periods in each of the two studies 335 will tend to have under-estimated the overall treatment effect. 336 Blinding of participants and clinicians to group allocation did not occur in any of the included 337 studies. The impact of not blinding participants is that the effect size of the intervention 338 may be over-estimated, mainly due to non-specific placebo effect 50 . This issue is 339 compounded by the subjective nature of the primary outcome measures, the physical 340 characteristic of the intervention 51 , therapist involvement in its delivery 50 , and the context The studies included in this systematic review were lacking in demographic information 361 about participant ethnicity, body mass index and co-morbidity, as well as additional disease 362 characteristics. Imaging, where used, was poorly described. Entry criteria were highly 363 variable, reflecting the lack of specific classification criteria for thumb CMC OA. The current review supports the conclusion that splinting has medium to large effects for 367 pain and small to medium effects for function in the medium-term, and further supports the 
